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STEELS WITH FEW ALUMINA CLUSTERS 
[Technical FieTdJ"~ "~ 
5 The present invention relates to steels, with few 

alumina clusters, suited for automotive and structural 
sheets, wear-resisting plates, oil-well tubes and. other 
applications. 
[Background Art] 

10 Steel sheets and other rolled steels are. generally 

manufactured as Al-killed steels prepared by deoxidizing 
liquid steels, melted in basic oxygen furnaces, with Al. 
Alumina formed during deoxidation is hard, tends to form 
clusters and remains in liquid steel as inclusions of not 

15 smaller than several hundred . |im. 

If such inclusions are not adequately removed from 
liquid steels, they cause slivers in steel sheets, 
quality inferiority of structural steel plates, a 
decrease in low-temperature toughness of wear-resisting 

20 steel plates, weld defects in oil-well steel tubes 

detected by UST (ultrasonic testing) and other defects. 
Alumina also adheres to and builds up on the inner wall 
of immersion nozzles during continuous casting and causes 
no2zle clogging. 

25 Alumina has conventionally been removed from liquid 

steels by (1) adding Al as a deoxidizer when liquid steel 
is tapped from the converter so that as much time as 
possible can be given to the agglomeration, coalescence 
and floating and separation of alumina from liquid steel 

30 after deoxidation, (2) accelerating the flotation and 

separation of alumina by vigorously stirring liquid steel 
by CAS (composition adjustment by sealed argon bubbling) 
or RH (Rheinstahl Huttenwerke und Heraus; vacuum 
degassing) secondary refining processes, or (3) reforming 

35 and rendering innocuous alumina to low-melting inclusion 
CaO-Al 2 0 3 by adding Ca to liquid steel. 

However, floating and separating alumina by said 
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methods (1) and (2) involve a problem that the methods 
cannot completely remove inclusions not smaller than 
several hundred \xm and prevent slivers on the surface of 
steel sheets. 

5 Reforming . inclusions by said method (3) is capable 

of preventing the formation of clusters and refining 
inclusions lowering the melting point thereof. 

In order to modify alumina in liquid steel to liquid 
Ca-aluminate, however, Shirota et al. (refer to Materials 
10 and Processes./ 4 (1991), p. 1214) say that it is necessary 
to control the [Ca]/ [T.O.] ratio to within the range 
between 0.7 and 1.2. 

In order to conform to this requirement, it is 
necessary to add, when, for example, T.O. {total oxygen, 
15 which is the sum of dissolved oxygen and oxygen in 

inclusions) is 40 ppm, as much as 28 to 48 ppm Ca to 
liquid 3teel. 

In steel cords for tires and valve springs, 
meanwhile, it is generally known to modify and render 
20 innocuous inclusions to low-melting CaO-Si0 2 -Al203 (-MnO) 
type inclusions that are apt to deform during rolling and 
working. 

Still, said method (3) has not been put into 
practical use in the manufacture of cold-rolled steel 

25 sheets for automobiles and cans whose . upper limit of Si- 
content is strictly controlled as Ca is added in the form 
of low-cost Ca-Si alloys. 

There are some known liquid steel deoxidizing 
methods that use Ce, La or another REM (rare-earth 

30 metal) . (1) One method based on Al-killing uses REM as 
alumina modifier after Al-deoxidation and (2) another 
method uses REM as deoxidizer either singly or in 
combination with Ca, Mg, etc., without using Al. 

As a method based on Al-killing, Japanese Unexamined 

35 Patent Publication (Kokai) No. 52-70918 discloses a 
method for manufacturing clean steel containing few 
nonmetallic inclusions that removes alumina clusters from 
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liquid steel by causing them to float and separate by 
controlling the interfacial tension between liquid steel 
and alumina clusters by adding one or. more of Se, Sb, La 
and Ce of 0.001 to. 0.05% after deoxidation with Al or Al- 
5 Si> sometimes in combination with stirring of liquid 

steel. 

Japanese Unexamined Patent Publication (Kokai) No. 
2001-26842 discloses cold-rolled steel sheets having 
•excellent surface and internal . properties and 

10 manufacturing method therefore that controls the size of 
oxide inclusions to 50 p or under and the composition of 
said inclusions to Al-oxide of 10 to 30 wt%, Ca-oxide 
and/or REM of 5 to 30 wt%, and Ti-oxide of 50 to 90 wt%, 
by- .adding Ca and/or REM after deoxidizing liquid. steel 

15 with Al and Ti. 

Furthermore, Japanese Unexamined Patent Publication 
(Kokai) No. 11-323426 . discloses a method for 
manufacturing clean Al-killed steel with.no alumina 
clusters and few defects by applying composite 

20 deoxidation with Al, REM and Zr. 

However, these methods have been unable to decrease 
inclusions defects to desired quality levels because it 
has been difficult to surely float and separate alumina 
clusters . 

25 Japanese Patent No. 1150222 discloses a method for 

manufacturing steel that lowers the melting point of 
inclusions, and softens the inclusions, by adding an 
alloy containing one or more of Ca, Mn and REM, for 
example, of 100 to 200 ppm, after deoxidizing liquid 

30 steel with a flux containing Ca-oxide. 

Japanese Patent NO, 1266834 discloses a method for 
manufacturing steel wire rods with excellent fine 
drawability that adds REM of 50 to 500 ppm after 
controlling T.o. (total oxygen) to 100 ppm or under with 

35 a deoxidizer such as Mn or Si, other than Al, with . a view 

to prevent oxidation by air. 

However, these methods involve the problem of a cost 



increase because they do not use low-priced 'Al as 
deoxidizer . Deoxidation with Si, according to these 
methods, is difficult to apply to liquid steel for sheet 
steels whose upper limit of Si-content is strictly 
5 controlled. 

Meanwhile, several formation mechanisms have been 
proposed regarding clustering of alumina particles. 

For example, Japanese Unexamined Patent Publication 
(Kokai) No. 9-192799 discloses that adhesion of Al 2 0 3 - " 

10. particles. to immersion ri02zles can be prevented by 

lowering the bonding force of P2O5, which is as binder of 
AI2O3, by forming nCaOmP 2 05 by adding Ca to liquid steel,, 
based on the knowledge that P 2 0 5 in liquid steel 
encourages the agglomeration . and coalescence of Al 2 03. 

15 Yasunaka et al. (Tetsu to Hagane [Iron and Steel], 

(1995), p. 17) - conjecture that alumina particles captured 
by Ar gas bubbles, which are used for prevention of 
immersion nozzle clogging in continuous casting, causes 
slivers in cold-rolled steel sheets. 

20 H. Yin et al . (ISIJ Int . , 37(1997), p.936 discloses 

the observation that alumina particles captured by gas 
bubbles agglomerate and coalesce due to a capillary 
effect at the surface thereof. 

While the forming, mechanism of alumina clusters are 

25 being elucidated, no concrete methods to prevent 

clustering have yet been found. It has therefore been 
difficult to decrease inclusion defects to desired 
quality levels. 
[Summary of the Invention] 

30 The present invention was made to advantageously 

solve the conventional problems described above. The 
present invention was completed with a view to providing 
steels having fewer surface and internal defects, such as 
slivers in steel sheets for automobiles and household 

35 electrical appliances, quality inferiority in structural 

steel plates, a drop in low-temperature toughness in 
wear-resisting steel plates and weld defects in oil-well 
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steel tubes detected by UST (ultrasonic testing), by 
preventing the formation of coarse alumina clusters, 
which constitute the cause of product defects in the 
manufacture of steel sheets, plates, tubes and pipes, 
5 shapes, bars and other steel products, in liquid steel 
and at the surface of argon gas bubbles. 

In order to solve the above-described problems, the 
inventor conducted a series of experiments and studies 
that led to the following discoveries. (i) Low-melting 

10 oxides FeO and FeO-Al 2 0 3 are . present as binder's between 
alumina particles in clusters. (ii) Agglomeration' and 
coalescence of alumina particles' in liquid steel and at 
the surface of Ar gas bubbles are preventable by reducing 
such binders by appropriate quantities of REM. (iii) If 

15 more than a necessary, quantity of dissolved REM remain in 
liquid steel, large quantities of composite oxides 
comprising REM-oxide and alumina are formed by reaction 
between liquid steel and slags and impair the cleanliness 
of the. liquid steel. 

20 The gist of the present invention that was made 

based on the above findings is. as follows: 

(1) A steel prepared by casting liquid steel 
deoxidized with Al including one or more rare-earth 
metals (REMs) selected from the group of Ce, La, Pr and 

25 Nd, is characterized by, 

containing fewer alumina clusters in which oxide- 
based inclusions consisting. mainly of alumina and REM- 
oxide contain REM-oxide of not less than 0.5 mass% and 
not more than 15 mass*. 

30 (2) A steel prepared by casting liquid steel 

deoxidized with Al, including one or more rare-earth 
metals (REMs) selected from the group of Ce, La, Pr and 
Nd, is characterized by, 

containing fewer alumina clusters in which the mass 

35 ratio of total REM to total oxygen (T.O.), i.e. REM/T.O., 
is not less than 0.05 and not more than 0.5, and oxide- 
based inclusions consisting principally of alumina and 
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REM-oxide contain REM-oxide of not less than 0.5 mass% 
and not more, than 15 mass%. 

(3) A steel prepared, by casting liquid steel 
deoxidized with Al, including one or more rare-earth 

5 metals (REMs) selected from the group of Ce, La, Pr and 
Nd, is characterized by, 

including total REM of not less than 0.1 ppin and 
less than 10 ppm and dissolved REM of less than 1 ppm. 

(4) The steel containing fewer alumina clusters 

10 described in any of (1) to (3) above, in which said steel 
comprises C of 0.0005 to 1.5 mass%, Si of 0.005 to 1.2 
mass%, Mn of 0.05 to 3.0 mass%, P of 0.001 to 0.1 mass%, 
S of 0.0001 to 0.05 mass%, Al of 0.005 to 1.5 mass%, and 
T.O. of less than 80 ppm, with the remainder comprising 

15 iron and unavoidable impurities. 

(5) The steel containing fewer alumina clusters 
described in (4) above, in which said steel further 
contains one or more of Cu of 0.1 to 1.5 mass%, Wi of 0.1 
to 10.0 mass%, Cr of 0.1 to 10.0 mass% and Mo of 0.05 to 

20 1.5 massl. 

(6) The steel containing fewer alumina clusters 
described in (4) or (5) above, in which said steel 
further contains one or more of Nb of 0.005 to 0.1 mass%, . 
V of 0.005 to 0.3 mass% and Ti of 0.001 to 0.25 mass%. 

25 • (7) The steel containing fewer alumina clusters 

described in any of (4) to (6) above, in which said steel 
further contains B of 0.0005 to 0.005 mass%. 

(8) The steel containing fewer alumina clusters 
described in any of (1) to (3) above, in which the 

30 maximum diameter of alumina clusters obtained by applying 
slime extraction to said steel is less than 100 [im. 

(9) The steel containing fewer alumina clusters 
described in (8) above, in which the number of alumina 
clusters not smaller than 20 jam is not more than 2/kg. 

35 [Brief Description of the Drawings] 

Fig. 1 shows the relationship between the content of 
REM-oxides in oxide-based inclusions and the maximum 
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diameter of alumina clusters. 

Fig, 2 shows the relationship between the ratio 
REM/T.Q. and the maximum diameter of alumina clusters. 

Fig. 3 shows the relationship between the total REM 
5 and the maximum diameter of alumina clusters in steel. 

Fig. 4 shows the relationship between the quantity 
of dissolved REM in steel and the clogging condition of 
the ladle nozzle. 
[The Most Preferred Embodiment] 
10 Preferred embodiments of the present invention are 

described in the following. 

The present invention described in (1) above 
(hereinafter referred to the present invention (1J) 
controls the REM-oxide-content in oxide-based inclusions 
15 consisting principally of alumina and REM-oxides. to 0.5 

to 15 mass? by adding one or more rare-earth metals 
(REMs) selected from the group of Ce, La, Fr and Nd to 
liquid steel deoxidized with Al. 

When REM-oxide-content is controlled within this 
20 range, agglomeration and coalescence of alumina particles 
can be inhibited and formation of coarse alumina clusters 
prevented. It is preferable to control the REM-oxide- 
content in oxide-based inclusions to 2 to 12 mass%. 

The rare-earth elements used in this invention range 
25 .from La, atomic number 57, to Lu, atomic number 71. 

The upper limit of the REM-oxide-content in oxide- 
based inclusions is set to 15% because inclusions tend to 
agglomerate and coalesce and coarse clusters tend to form 
if the REM-oxide-content exceeds 15%, as shown in Fig. 1. 
30 Meanwhile, the lower limit of the REM-oxide-content 

is set to 0.5% because addition of REM does not bring 
about the desired effect to prevent the clustering of 
alumina particles if the content is under 0.5%, as also 
shown in Fig. 1. 
35 The present invention described in (2) above 

(hereinafter referred to the present invention (2)) 
surely prevents clustering of alumina by controlling the 
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REM-oxide-content in oxide-based inclusions to 0.5 to 1.5 
mass% and the mass ratio of total REM to total oxygen 
(T.O.), i.-e. REM/T.O. , in steel to 0.05 to 0.5 by adding 
one or. more rare-earth metals (REMs) selected from the 
5 group of Ce, La, Pr and Nd to liquid steel deoxidized 
with Al or a combination of Al and Si. 

To prevent the clustering of alumina more surely,, it 
is preferable to control, the REM/T.O. ratio to between 
0.15 and 0.4. 

10 The upper limit of the REM/T.O. ratio is set to 0.5 

because clusters consisting mainly of REM-oxides as 
coarse as those in ordinary steels treated by ordinary Al 
deoxidation are formed if the ratio exceeds 0.5, as shown 
in Fig. 2. 

15 Meanwhile, the lower limit of the REM/T.O. ratio, is 

set to 0.05 because addition of REM does not bring about 
the desired effect to prevent the clustering of alumina 
particles if the ratio is under 0.05, as also shown in 
Fig. 2. 

20 T.O. is the total oxygen in steel that is the sum of 

oxygen dissolved in steel and oxygen contained in 
inclusions as described earlier. 

The present invention described in (3) above 
(hereinafter referred to the present invention (3)) 

25 controls total REM-content to not less than 0.1 ppm and 

under 10 ppm and dissolved REM to under 1 ppm by adding 
one or more rare-earth metals (REMs) selected from the 
group of Ce, La, Pr and Nd to liquid steel deoxidized 
with Al or a combination of Al and Si, 

30 When total REM-content and dissolved REM are 

controlled within these ranges, agglomeration and 
coalescence of alumina particles can be inhibited and 
formation of coarse alumina clusters prevented. Also, 
deterioration of liquid steel cleanliness due to a 

35 reaction between dissolved REM and slags can be 

prevented. 

Formation of coarse alumina clusters can be more 



- 9 - 



surely prevented if total REM-ccntent is controlled to 
less than 5 ppm. 

The upper limit of total REM-content is set to under 
10 ppm because the concentration of REM-oxides in oxide- 
5 based inclusions increases, the likelihood of alumina 
particles agglomeration and. coalescence • increases and 
coarse clusters are formed if the content is 10 ppm or 
above, as shown in. Fig. 3. Meanwhile, the lower limit of 
total REM-content . is set to 0.1 ppm because addition of 

10 REM does not bring about the desired effect. to prevent 
the clustering of alumina particles if the content is 
under 0.1 ppm, as also shown in Fig. 3. 

• To prevent the formation of coarse alumina clusters 
more surely, it is preferable to control total REM to 

15 less than 5 ppm. 

Dissolved REM is controlled to less than 1 ppm 
because slags and dissolved REM in liquid steel react to 
produce large quantities of composite oxides of REM- 
oxides and alumina, thereby forming coarse clusters and 

20 deteriorating the cleanliness of liquid steel if 

dissolved REM exceeds 1 ppm. Also, ladle nozzle clogging 
occurs, as shown in Fig. 4. 

The liquid steels deoxidized with Al, as used in the 
present invention, contain, all in mass%, C of 0.0005 to 

25 1.5%, Si of 0.005 to 1.2%, Mn of 0.05 to 3.0%, P of 0.001 

to 0.1%, S of 0,0001 to 0.05%, Al of 0.005 to 1.5% and 
T.O. under 30 ppm, and further contain, as required, one 
or more element groups selected from three element groups 
(a) one or more of Cu of 0.1 to 1.5%, Ni of 0.1 to 10.0%, 

30 Cr of 0.1 to 10.0%, and Mo of 0.05 to 1.5%, (b) one or 
more of Nb of 0.005 to 0.1%, V of 0.005 to 0.3%, and Ti 
of 0.001 to 0.25%, and (c) B of 0.0005 to 0.005%, with 
the remainder comprising iron and unavoidable impurities. 
The above liquid steels can be cast and rolled to sheets, • 

35 plates, tubes, shapes, bars and other forms of products. 

The above composition ranges are preferable for the 
following reasons: 
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C is a basic element that increases the strength of 
steel. C-content is controlled between 0.0005 and 1.5% 
depending on the desired level of strength. To insure 
the desired strength or hardness, it is. preferable to 
5 control C-content to not less than 0-0005%. Meanwhile, 

C-content should be kept below 1.5% because toughness is 
impaired if the content is over 1.5%. 

Si-content is controlled to between 0.005 and 1.2% 
because decreasing Si-content to below 0.005 is costly 
10 and impairs economic viability, whereas Si-content over 

1.2% tends to result in defective coating and, therefore, 
surface quality and corrosion resistance deterioration. 

Mn-content is controlled to between 0.05 and 3.0% 
because Mn-content under 0.05% necessitates longer 
15 refining time and impairs economic viability, whereas Mn- 
content over 3.0% significantly deteriorates the 
workability of rolled steels. 

P-content is controlled to between 0.001 and 0.1% 
because P-content under 0.001% necessitates longer time 
20 and more cost in preliminary treatment of liquid steel 

and thereby impairs economic viability ,. whereas P-content 
over 0.1% significantly deteriorates the workability of 
rolled steels. 

S-content is controlled to between 0.0001 and 0,05% 
25 because S-content less than 0.0001% necessitates longer 
time and more cost in preliminary treatment of liquid 
steel and thereby impairs economic viability, whereas S- 
content over 0.05% significantly deteriorates the 
workability and the corrosion resistance of rolled 
30 steels. 

Al-content is controlled to between 0.005 and 1,5% 
because N is trapped as A1N and therefore it becomes 
difficult to decrease soluble nitrogen if Al-content is 
less than 0.005%. Meanwhile, Al-content over 1.5% causes 
35 deterioration of surface properties and the workability 
of rolled steels. 

T.O. (Total oxygen) is controlled to not more than 



SO'ppm because T.O. of more than 80 pprn increases the 
collision, frequency of alumina particles and thereby 
results in formation of coarse clusters. Also, T.O. of 
more than 80 ppm increases the addition of REM required 
5 for alumina reforming and thereby impairs economic 
viability. 

While the foregoing are the basic components of the 
steels according to the present invention, one or more 
element groups selected from three element groups (a) one 

10 or more of Cu, .Ni, Cr and Mo, (b) one or more of Nb, V 
and Ti,' and (c) B may also be added as required. 

Cu, Ni, Cr and Mo are elements that increase the 
hardenability of steel. Adding Cu, Ni and Cr of not less 
than 0.1% and Mo of not less than 0.05% increases the 

15 strength of steel. 

However, Cu-addition is limited to between 0.1 and 
1.5%, Ni- and Cr-addition to between 0.1 and 10%, and Mo- 
addition to between 0.05 and. i. 15% because Cu and Mo 
addition of more than 1.5% and Ni and Cr addition of more 

20 than 10% impair toughness and workability. 

Nb, V and'Ti are elements that increase the strength 
of steel by precipitation hardening. Adding Nb and V of 
not less than 0.005% and Ti of not less than 0.001% 
increases the hardness of steel. 

25 However, Nb-addition is controlled to between 0.005 

and 0.1%, V-addition to between 0.005 and 0.3% and Ti- 
addition to between 0.001 and 0.25% because Nb-addition 
of more than .0.1%, V-addition of more than 0.3% and Ti- 
addition of more than 0.25% impair toughness. 

30 B is an element that increases hardenability and 

strength. Adding B of not less than 0.0005% increases 
the strength of steel. 

However, B-addition is controlled to between 0.0005 
and 0.005% because 3 addition of more than 0.005% 

35 increases B-precipitates and thereby impairs toughness of 
steel 

It is further preferable for the present invention 
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to control the maximum diameter of alumina clusters 
obtained by application of slime extraction to cast steel 
to not more than 100 jam, because alumina clusters larger 
than 100 jam tend to result in surface and internal 
5 defects when rolled steels are finished to" final 
products. 

It. is also preferable for the present invention to 
control the number of alumina clusters obtained by . 
application of slime extraction and are- not smaller than 
10 20 |xm in size to not more than 2/Jcg. If the number is 
greater than 2/kg, surface and internal defects are 
likely to develop after rolling. 

REMs are added to liquid steel after the liquid 
steel has been deoxidized by using such secondary 
15 refining apparatus as CAS or RH refining systems. REMs 
may be added as pure metals such as Ce and La or alloy3 
of REMs or with other metals in lumps, particles, wires 
or other forms. 

As the quantity of REMs added is very small, it is 
20 preferable to make uniform the REM-concentration in 

liquid steel by adding REMs to the refluxing liquid steel 
in the RH refining vessel or adding to the liquid steel 
in a ladle that is stirred with Ar or other gases. REMs 
may also be added to the liquid steel in the tundish or 
25 mold. 

[Examples] 

[Example 1] 

Liquid steel was blown in a . 270 t converter and 
tapped after the Ocontent was adjusted to the desired 

30 level. After the liquid steel has been adjusted to 

desired compositions by secondary refining and deoxidized 
with Al, REMs were added as Ce, La, misch metal (an alloy 
comprising, for example, Ce of 45 mass%, La of 35 mass%, 
Pr of 6 m.ass%, Nd of 9 mass% and unavoidable impurities) 

35 or alloy of misch metal, Si-Fe alloy (Fe-Si-30% REM). 

Table 1 shows the compositions of the liquid steels thus 
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obtained. 

The liquid steels of the compositions listed in 
Table 1 were cast to slabs 245. mm thick with widths of 
1200 to 2200 mm by using a vertical-bending type 
5 continuous caster having a copper mold with a casting 
speed of 1.0 to 1.8 m/min and the liquid steel in the 
tundish kept at 1520 to 1580 °C. 

The slabs were hot-rolled, pickled and, as required, 
cold-rolled, and then subjected to quality investigation. 
10 The thickness after hot-rolling was 2 to 10 mm and that 
after cold-rolling was 0.2 mm. 

The maximum cluster diameter, number of clusters, 
average composition of impurities and defect incidence 
were investigated with samples taken from the slabs. 
15 Table 2 shows the results obtained. 

Table 2 shows, that the present invention 
significantly decreases the product defects resulting 
from alumina clusters. 

Notes *1 to *7 in Tables 1 and 2 have the following 
20 meanings: 

*i: REM is the sum of Ce, La, Pr and Nd. 

*2: MM is a mish metal that is an alloy comprising 
Ce of 45 mass%, La of 35 mass%, Pr of 6 mass%, Nd of 9 
mass% and unavoidable impurities. MMSi is an alloy ■ 
25 comprising REM of 30 mass% and Si of 30 mass%, with the 
remainder comprising Fe. 

*3: Average composition of ten inclusions randomly 
extracted from the cross-section of slabs and identified 
by SEM (scanning electron microscope) with EDX (energy 
30 dispersive x-ray analysis) . 

M: The maximum cluster diameter was determined by 
photographing inclusions extracted from (1+0.1) kg slabs 
by slime electrolysis (using minimum mesh of 20 jam) 
through a stereoscopic microscope (at a magnification of 
35 40X) and finding the arithmetic mean of the major and 

minor. axes of all inclusions photographed. The greatest 



arithmetic- mean was determined as the maximum cluster 
diameter. 

The number of clusters is the number of inclusions 
extracted from (1+0.1) kg slabs by slime electrolysis 
(using minimum mesh of 20 pm) The number of all 
inclusions larger than 20 |im observed under an optical 
microscope (at a magnification of 100X) was converted to 
the number per kilogram. 

*5: The defect incidence was derived by using the 
following equation: 

Sheet: Incidence of slivers at the surface of sheet 
(total length of slivers/Coil length) x 100 (%) ] 
Plate: Incidence of UST defects or separations on 
plate [= (Number of plates with defects/Total number of 
plates inspected) x 100 (%)] 

The presence of separation was checked by observing 
the fractured surfaces after the Charpy test. 

In the defect incidence column of plates, UST 
defects and separation defects are respectively 
designated by (UST) and (SPR) / . 

Tube: Incidence of UST defects in welds of oil-well 
tubes [= (Number of tubes with defects/Total number of 
tubes inspected) x 100 (%) ] 

*6: V notch Charpy impact value in the rolling 
direction at -20 °C. Arithmetic means of five test 
specimens . 

*7; Reduction in area in the direction of thickness 
of finished plate at room temperature [=.. (Cross-sectional 
area of fractured portion after tensile test/Cross- 
sectional area of test specimen before tensile test) x 
100 (%)] 



- 15 - 



f 

n 


il 


* * 5 

g$ 
a s 


p 

"Jo <5 j 


11 


!!!! 

Ills 


Mi 

i is 


i!i 
in 


i 1 


HI 
ill 


c 

■6 




fl S fi 


a s ? 


» 3 s 


s a s 2 




2 a? 


M r 


3 s'a 






s * a 




- rv 03 


C4 m tn a 


o c 








f D 

r 

t 

II] 

3 ^ 


j 

3 

' $ - 
o o 

?; ?; 


a - w 

o o o 

s s s 


ode 

?. ?. 


i 
> 

2 








U 


» » = 


il- 

ill 


!8i 

" © o 


Isl 

© © o 


© © £ 


\%* 

> o © 


§9Sil 

© o o c 


5 O O C 


m 

5 O C 






If 


,83 

1 o o 


a S3 

o S o 


SSI 

ode 


5 © O 
P d d 


©doc 




> O 


5 O £ 


3S§ 

3 O © 

5 o o 


o o 


o o o 


© © < 


© o o <: 


> o o c 




> o c 


it- 

4. ■ . C 


o o 


lis 


331 

o © c 


. . . 

5 O O 


sis; 

... 
o © © c 


? a o c 


i d c 


3 O C 


. . . 

3 © O 


p; 


; in r- 

* o c 


^ £ £ 

n o m 

odd 


LO CD >■ 

doc 


H & d 
i d d 


w a r> r 
»i v * 


2 & S * 


2 S c 
1 °. a 


o 9? « 














S-fi" 








IS i 






i § £ 

)dc 


ssi 


i i § 


o o 


o o c 


o o c 


:> © © 


O O O c 


5 O O < 






c 




w f* f\J 

§§l 


rr ^ - 




in a> <i 


r> v o f 


- oi r 




















> o c 


? O O 


ts 

11 




t> y y 
a> i> o> 

a | i 

L-J UJ 


Ji ^ J 


111 


<0 <k t 


I II 1 


g J : 


111 


m 




aa 


a s a 


sat 


sal 










2aa 




I 

1! 


e g e 

1 1 
III 

0 0 0 


8 | j 

.1! i 

5 5 f 

<n a; i 

fH 


5 § g 

11! 

a « * 

3 5 5 

) 0 0 


§ M ! 

|l!J 
llli 

0 c o * 

<u <u a> < 

^ ^ r 


3 § § ! 
3 d iJ 

: c c i 

an 

III] 


3 § f 
: c i 

!JJ 

5 o * 


i S ! 

- c 1 

3 § ! 

•i « s 

J 4) « 


5 s s 

3 Z) J 

ill 

2^ 
L> 1) 4> 

HI 



16 



OJ 
S £ 

s i 


yd 


a 3 


3 

-t 

— 

w 






i 

■a 


' 1 


& § 

— ( i- 

••4 ^ 

w y 


1 


1 

— 

X 




1 


s 
1 


1 

i * 


8 


o 

E- 




N r> 


m 
fO 


on 






VP (/> <33 

n ci co 


oj 3 05 




cr 




(M 
r-i 




0D if) 


i 






T 


2 ! 






Ol O 

m 


M ^ Ol 
OJ — < ^ 


o 




lO 


© 


r-l IT 


o m 




f J 

— < 

9 J] 


".8 

o 

.. o 
i-< •» 

0 « 

in t 
<n o 

© o 

01 cn <■ 

o © < 


iTi 
OJ 
© 

> 

o 
o 

s 

n in 
N <N 

* o 


<r> 
*m 
o 

o 


rr l 

O ( 

o r 


N «-i 

^ O 


r- 
o 

o 


n n 
o o o 

o o 


M m 

© © © 
o o © 


-n 
© 


© 


<r, 

T 

o 


5 § 
s I 

v a) 

© * 

5> 

o © 


<N 
O 
© 
> 

n 
o 
o 

i 

o in 
C\ o 


© © 


s 

© 


2 o > 
O 2 2 


H O 


H 


£ f 






fl c s 


i~ e 


u 






3 3 


a S 




p 




\T) < 

© < 
d < 


J o 
3 o 
3 © 


as 
O 
o 

o 


c c 

O < 

o c 


^ O 
P O 

3 O 


•to 

s 

o 


o o 

8 32 

© O O 


O O CNI 
« Hi 
o o o 

O 6 C 


<n 
o 


ri 

a 
o 


© 


© 
© 


m oj 
rn (M 
o o 

© © 


^ o 

© 03 
© © 

© © 


in 
0 
© 

© 




8 S 
8 { 

© < 


3 iA 
T O 

i © 
5 © 


§ 

o 


O C 


0 o 

1 8 

> o 


o 

s 

o 


© © o 


n t a: 
n (\ n 

g s s 

o <^ O 
© a o 


o 

o 
© 

© 


o 

g 
© 


R 
8 

© 


© 


© © 
o © 

© © 


© CD 
«* ro 

© © 
© O 


0 
OJ 

O 

0 


St 

CO u 

lM H a 


© f 
o c 
d c 


3 2 

3 O 

5 © 


E 

o 
o 


o * 
o < 
o c 


r rr 

? © 


in 

s 

o 


n r* a\ 

H N H 
© O O 

© © © 


O CO © 
n n m 
© © © 

o © o 


s 

o 


© 
© 


© 

© 


•to 

s 
© 


© © 


04 <^ 
r-i a 
© © 
© o 


M 

S 

O 


Jj 1 

o ** 


o 

d <: 






9 J 

r-i C 


3 O 


r» 
o 


SJ> TJ- VC 

(>1 ^ o 
-I d d 


H © © 
C\J «T 

d d ©* 


r-l 


o 


© 


© 


CM Oj 

© 


^ «T» 
i—i 

© © 


rn 




© c 
r 

O < 


3 O 


s 

o 


<T, U 
O - 
O C 


3 O 


r-v 

a 


n h (*i 

<T P) r| 

(N O O 

© © © 


<N M 

(n n oj 
o o O 

o o © 


© 
© 


o 

0^ 

© 


o 

OJ 

© 


© 


© OJ 
<51 o 
IT) o 

© © 


vO © 

— i m 
© © 


© 




© s: 

—1 c 
O C 


3 O 

r o 
5 O 


© 


^ a 

o c 


* rr> 

■> Co 

3 O 


n 

O 


o O <vj 
© C © 


-i oj 
o b o 

o o o 


© 
O 


o 
o 


o 

o> 
o 


© 
© 


IP pi 

o © 
© o 


»n it 
© © 


O- 
© 


h 


d> a 
t! << 
' 

Aj q 


* s 










j, u u 

^ ^ ^ 


*J 4-> 

III 


4-' 

1 


s 


1 


3 






1 


i 


a s 


!3 


a 


CD 9 

a a 




-I 

a 


2 S S 


2 S r2 


2 


r* 
m 


a) 
cu 


o\ 

CC 


© «-i 


flQ dj 






S £ 

•H 

C C 

s s 

s .< 

5 j 

o c 

f I 


* C 

- o 
0 

(V 

" E* 

& 


s 

i 

* 

0 


S i 
5 z 

II 

0 0 
q> (I 

11 


s 

S 

0 

■f 


6 

c 

H 

1 
0 

I 


1 1 1 

o o 

0 *U «M 

jj ^; jj 


S rt 

coo 

(O CT f> 

I i I 

"WWW 

0) 1> <1> 

H H 

III 


c 

0 

■a 
& 

3 

u 

w 

D 

| 
I 


« 
o 
rt 

»^ 

2 

1) 

i 


C 

8 

8 
I 


C 

| 

u 
0 
u 

OJ 

I 


<D 0 
n w 
■H — < 

88 

a § 

II 


C C 

o o 

S-2 


c 

0 

s 

f 

3- 



Table 2 





wo. 


Corrposition 


MaxiiTUft 


Number of ' 


defect 


Shock 


Reduction 






of 




Cluster 


Clusters 


Incidence 


Absorption 


in Area 






Inclusions 
*3, n\as$% 


Diameter. 

*4/ pffTl 


M, Piece/kg 


*5, % 


Energy 
*6, J 


across 
Plate 






Al^C) 


REM- 

oxide 








Thictavs s s 

*7, h 


Exarrple of the invent ion 


XI 


96-3 


0.5 


62 


1.2 ' 


0.20 






Escanple of the invention 


a2 


96.6 


- 2.4 




0.0 


nn 






Exanple of the invention 


A3 


94.3 


3.3 




0.0 


COS 






Exairple of the invention 


A4 


84. S 


6.4 


20 


0.0 ■ 


0. 26 






Exarrple of the invention 


AS 


30.3 


7.3 




0.0 


0.18 






Example of th£ invention 


A6 


S7.1 


9.S 




0.0 


0.22 






Example of the invention 


A7 


67.8 


n.3 




0.0 


0.25 




Z . 


E&stiple of the invention 


AS 


83. ft 


14.4 


52 


0.7 


0 If) 






E&smple of the invention 


A9 


90.7 


0.5 


65 


2.0 


0.23 






Ewnple of the invention 


A10 


91.0 


6.6 




0.0 


0.26 






Exarrple of the invention 


Ml 


95.2 


0-6 


48 


1 . 1 


0.21 






Example of the invention 


P12 


S6.8 


2.3 




0 0 


0.20 






Example of the invention 


A13 


$4.3 


3.9 




0.0 








Efcanole of the invention 


Aid 


64.8 
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520 


u . u 


n i ^ 






EKflitple of the invention 


A15 


91.6 
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S20 




0 11 






£-\3ii|jj.ti <ji i_i ic in /en Lion 


ftlo 


88.4 
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520 


CO 
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Example of the invention 
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0.16 
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Exonple of the invention 


A18 


67.1 


11.1 


£20 
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0.06 
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- 


EXanrole of the invention 


A19 


73.6 


12.6 


31 


0-1 


0.11 


- 
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Exaraple Of the invention 


A20 


82.3 


14.8 


42 


0.6 


.0.12 
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QWKpXe of the invention 


A21 


34.9 


1.9 


43 


1.0 
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39-8 
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ExsiqpXe of the invention 


A22 


96.6 
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<20 
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40.2 
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Esrarcple of the invention 


A23 
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S20 


o.o • 
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36.5 
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Exawae or the invention 


A24 


84.3 


S.9 


<20 


0.0 
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Example of the invention 


A2S 


86.0 


11.6 


23 


0.1 


4.B(SPF) 
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EX3mDXe of the invention 


&26 


^82.4 


14.4 


43 


. 0.6 
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56.5 


Exarrple ot the invention 


A27 


39.5 
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59 


1.0 
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_ 




E>:arrple or the invention 




33.7 


4.5 


£20 


0.0 


0.0 






E<anple of the invention 


A29 


63.3 


7.3 


520 
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0.2 . 






EswjTple of the invention 


P30 


0.7 . y 


12. 6 


46 ' 


0 2 


0.1 






Eb<5i!ple of the Jj^r^nticn 


A31 


O-i • ■? 




31 


0.2 - 


0.2 






Exancle of the inv^n^ion 


A32 


84.0 


3J5.0 


65 


1.2 


0.2 






ExAnole for /"^cimvi ^rn'i 


El 


9S.2 


0.0 


172 


^ . <j 


0.8 






rD%amp.l.ft for ccnperi9cn 


82 


31.0 


0.2 


115 


3.1 


■ v 






Exarrple £or conp^riscn 


B3 • 


30.4 


17.3 


105 


3.5 


1 p 

i. • c 






Exairple ror comparison 




74.3 


22.0 


?:b4 


7.5 


1.4 






Exanple tor cenp^rison 


B5 


63.7 


13.1 


152 


3.3 


0.7 


i 




Exanrple ror ccnpariscn 


B6 


33.0 


0.0 


181 


6.8 




21.6 


O'uanple toe comparison 


B7 


SB.O 


0.2 


103 1 


2.5 




26.5 : 


Exarrple rot ccrpftriscn 


B6 


n.i 


19.2 


172 


4.8 
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22.3 




Example for cortpaxiscn 


E9 


99.0 


0.0 


166 


7.3 


21.5 (USD 






Exarrple for ccrparison 


BIO 


98.0 


0.2' 


10S 


3.0 


13. 6 (3PR) 






StfJnple for caparison. 


Bll 


72.1 


19.2 


167 


4.3 






31.0 


^arrpi* for comparison 


B12 


97.6 


0.0 


126 


5.7 


1.2 






'cx^rpie for coTparison 


Bll 


Sl.l 


0.2 


. 101 


2.9 


1.4 






Example for corpariEon 


B14 


80.7 


16.9 


168 


3.7 


1.1 







[Example 2] 

Liquid steel was blown in a 270 t converter and 
tapped after the Ocontent was adjusted to the desired 
level. After the liquid steel has been adjusted to 
desired composition by secondary refining and deoxidized 
with hi, REMs were added as Ce, La, misch metal, (an alloy 



comprising, for example, Ce of 45 mass%,. La of 35 mass%, 
Pr of 6 mass%, Nd of 9 mass* and unavoidable impurities) 
or alloy of misch metal, 3i-Fe alloy (Fe-Si-30% ' REM) . 
Table 3 shows the compositions of the liquid steels thus 
obtained. 

The liquid steels of the compositions listed in 
Table 3 were cast to slabs 245 mm thick with widths of 
1200 to 2200 mm by. using a vertical-bending type 
continuous caster having a copper mold with a casting 
speed of 1.0 to 1.8 m/min and the liquid steel in the 
tundish kept at 1520 to 1580 °C. 

The maximum cluster diameter, number of clusters and 
clogging condition of immersion nozzles after casting 
were investigated with samples taken from the slabs. 
Table 4 shows the results obtained. 

Table 4 shows that the present invention 
significantly decreases the product defects resulting 
from alumina clusters. 

Notes- *1 to M in Tables 3 and 4 have the following 
meanings: 

*1: REM (total REM) is the sum of Ce, La, Pr and Nd. 
REM and T.O. are the analytical values obtained from 
samples of liquid steels, taken within one minute after 
addition of REM. 

*2; MM is a mish metal that is. an alloy comprising 
Ce of 45 mass%, La of 35 mass%, Pr of 6 mass%, Nd of 9 
mass% and unavoidable impurities. MMSi is an alloy 
comprising REM of 30 mass% and Si of 30 mass%, with the 
remainder comprising iron. 

*3: The maximum cluster diameter was determined by 
photographing inclusions extracted from (1±0.1) kg slabs 
by slime electrolysis (using minimum mesh of 20 im) 
through a stereoscopic microscope (at a magnification of 
40X) and finding the arithmetic mean of the major and 
minor axes of all inclusions photographed. The greatest 
arithmetic mean was determined as the maximum cluster. 
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diameter. 

The number of clusters is the number of inclusions 
extracted from (1±0.1) kg slabs by slime electrolysis 
(using minimum mesh of 20 \m) . The number of all 
5 inclusions larger than 20 |im observed under an optical 

microscope (at a magnification of 100X) was converted to 
the number per kilogram. 

*4: The thickness of inclusions adhered to the inner 
wall of immersion nozzles was measured after casting. 
10 The clogging condition of nozzles was classified as . 
follows based on the arithmetic means of thickness 
measured at 10 points distributed around the 
circumferential direction. 

0 : Thickness less than 1 mm 
15 A : Thickness between land 5 mm 

X : Thickness more than 5 mm 
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Table 4 





Mo. 


Maximum Cluster 
Diameter *3, \an 


tfusrber of Clusters 
*3, Pieces /kg 


Clogging Condition of 
Immersion Nozzle *4 


Example of the Invention 


Al 


62 




0 


Example ot the Invention 


A2 




u.g 


0 


Example of thfi Invention 


A3 


£20 


U.U 


0 


Ibtample of the invention 


A4 


:£?0 


0.0 


0 




A5 


£20 


U.U 


o 


Example of the Invention 


A6 


£20 


U.U 


0 


Example of the Invention 


A7 


£20 


U.U 


0 




AS 


52 


u. / 


0 


Example of the Invention 


AS 


65 


0.9 


u 


Example of the invention 


A10 


£20 


0.0 


/->, 
•J 


Example of the Invention 


311 


AP 


1.1 


0 


Example of the Invention 


A12 




y . u 


0 


Example of the Invention 


A13 


£ai 


n a 


0 


Example of the Invention 


A14 


£20 


U.U 


o 


G<?irnple of the Invention 


A15 


£20 


U.U 


0 




A16 


S20 


0.0 


0 


Example of the Invention 


A17 


<20 


0.0 


0 


Example of the invention 


m 


£20 


0.0 


0 


Example of the Invention 


A19 


31 


0.1 


0 


Example of the Invention 


A20 


42 


0.3 


0 


Example of the Invention 


A21 


. 43 


1.0 


0 


Example of the Invention 


A22 


<2Q 


0.0 


0 


Example of the Invention 


A23 


£20 


0.0 


6 


Example of the Invention 


A24 


£20 


0.0 


0 


Example of the invention 


A25 


23 


0.1 


0 


Example of the invention 


A2G 


43 


0.(5 


o 


Example of the Invention 


A27 


59 


1.0 


o 


Example or the Invention 


A26 


£20 


0.0 


0 


Example of the Invention 


A29 


£20 


0.0 


0 


eswrple of the Invention 


A30 


46 


0.2 


(5 


Bcatpie or the Invention 


A31 


31 


0.2 


0 


Example of the Invention 


A32 


65 


1.2 


0 


Example for comparison 


Bl 


172 


5.6 


>: 


Exaitple for comparison 


B2 


115 


3.1 . 




Example for comparison 


B3 


105 


3.5 




Example for comparison 


B4 


234 


7.5 


X 


Example for oarparlson 


B5 


181 


6.8 


X 


Example for ccmparison 


B6 


103 


2.5 


A 


Example for comparison 


B7 


172 


4.e 


% x 


Example ror comparison 


Bd 


176 


6.3 


X 


Example tor comparison 


B9 


3a 


2.0 


6 


Example for comparison 


BIO 


177 


5.3 


X 


Example for corpa risen 


Bll 


126 


5.7 


X 


Example for comparison 


B12 


101 


2.9 


A 


Example for comparison 


B1.3 


X6B 


3.7 


X 



[Example 3] 

Liquid steel was blown in a 270 t converter and 
tapped after the C-content was adjusted to the desired 
level. After the liquid steel has been adjusted to 
desired compositions by secondary refining and deoxidized 
with Al, REMs were added as Ce, La, misch metal (an alloy 
comprising, for example, Ce of 45 mass%, La of 35 mass*, 
Pr of 6 mass%, Nd of 9 mass% and unavoidable impurities) 
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or alloy of misch metal, Si-Fe alloy (Fe-Si-30% REM). 
Table 5 shows the compositions of the liquid steels thus 
obtained. 

The liquid steels of the compositions listed in . 
5 Table 5 were cast to slabs 245 nun thick with widths. of 
1200 to 2200 mm by using a vertical-bending type 
continuous caster having a copper mold with a casting 
speed of 1.0 to 1 . 8 m/min, and the liquid steel in the 
tundish kept at 1520 to 1580 °C. 
10 The slabs were hot-rolled, pickled and, as required, 

cold rolled, and then subjected to quality investigation. 
The thickness after. hot rolling was 2 to 10 mm and that 
after cold rolling was 0.2 to 1.8 mm. 

The maximum cluster diameter, number of clusters, 
15 defect incidence and clogging condition of ladle nozzles 
were investigated with samples taken from the slabs. 
Table 6 shows the results obtained. 

Table 6 shows that the present invention 
significantly decreases the product defects resulting 
20 from alumina clusters. 

Notes *1 to *7 in Tables 5 and 6 have the following 
meanings: 

*1: Total REM is the sum of REM present in 
inclusions and dissolved REM in steel. Total REM was 

25 determined by drilling out a 1 g specimen from the 

central portion of a liquid steel sample, 30 mm diameter 
by 60 mm high, taken from the tundish and assaying REM 
(total of Ce, La, Pr and Nd) by inductively coupled 
plasma mass spectrometry (ICP-MS). 

30 The lower limit of ICP-MS assay was 0.1 ppm for each 

element. 

*2: Dissolved REM was determined as follows: After 
removing inclusions to the surface of samples by cold 
crucible melting, a 1 g specimen was taken from the 
35 central portion of the inclusion-free sample and 

dissolved REM was determined by assaying REM (total of 
Ce, La, Pr and Nd) by ICP-MS. 



Specimens weighing 90 g each were taken from the 
central portion of liquid steel samples, 30 mm diameter 
by 60 mm high, taken from the tundish were melted in a 
cold crucible. Melting was carried out in an Ar-2%H2 gas. 
5 Qualitatively detected REM elements below the lower limit 
of assaying are indicated as "< 0.1 ppm M in the table. 

Details of cold crucible melting is reported, for 
example, in CAMP-ISIJ, 14 (2001) , p. 317. 

*3: The maximum cluster diameter was determined by 
10 photographing inclusions extracted from (1±0.1) kg slabs 
by slime electrolysis (using minimum mesh of 20 Jim) 
through a stereoscopic microscope (at a magnification of 
40X) and finding the arithmetic mean of the major and 
minor axes of all inclusions photographed. The greatest 
15 arithmetic mean was determined as the maximum cluster 
diameter. 

The number of clusters is the .number of inclusions 

extracted from.(l±0.1) kg slabs by slime electrolysis 

(using minimum mesh of 20 jam) . The number of all 
20 inclusions larger than 20 \m observed under an optical 

microscope (at a magnification of 100X) was converted to 

the number per kilogram. 

*4: The defect incidence was derived by using the 

following equation: 
25 Sheet: Incidence of slivers at the surface of sheet 

[= (total length of slivers/Coil length) x 100 (%)] 

Plate: Incidence of UST defects or separations on 

plate [= (Number of plates with defects/Total number of 

plates inspected) x 100 (%)] 
30 The presence of separation was checked by observing 

the fractured surfaces after the Charpy test. 

In the defect incidence column of plates, UST 

defects and separation defects are respectively 

designated by (UST) and (SPR) . 
35 Tube: Incidence of UST defects in welds of oil-well 

tubes [= (Number of tubes with defects/Total number of 
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tubes inspected) x 100 (%)] 

*5: V notch Charpy impact value in the rolling 
direction at -20 °C. Arithmetic means of five test 
specimens - 

5 *6: Reduction in area in the direction of thickness 

of finished plate at room temperature [= (Cross-sectional 
area of fractured portion after tensile test/Cross- 
sectional area of test specimen before tensile test) x 
100 (%)] 

10 *7: Clogging conditions of ladle nozzles are as 

follows: 

0 no clogging, A clogging without lowering casting speed, 
and X clogging lowering casting speed. 
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Table 6 





NO. 


Maxirtwm 
Cluster 
Drarneter 
*3 urn 


Wumber of 
Clusters 

Piece/kg 


Defect 
incident 

*4, « 


Shock 

Rbsornticn - 
Energy 


Reduction in 
Area across 
Plate Thictaess 
♦6, % 


Ladle 

NbjzjJle 

Clogging 

Condition 


Exanple of the 
invention 


ft! 


<20 


0.0 


0.20. 






O 


Exanple of the 
invention 


A2 


<20 


0.0 


0.11 






o 


Exairple of the 

invention 


A3 


<20 


0.0 


0.09 






o 


Exarople of the 
invention 


M 


25 


0.2 


0.26 






o 


Example oC the 
krahticn 


A5 


46 


0.7 


0 .18 






o 


ExaffrAft of the 
Invention • 


A6 


SI 


1.6 


0.22 






0 


Example of the 
invention 


A7 


42 


0.6 


0.25 






o 


EkotpIc of the 
invention 


A3 


<20 


0.0 


0.10 






0 


Exairple of the 
invention. 


A3 


. 23 


0.1 


0.23 






o 


ExaiTple of the 

invention 


MO 


<20 


0.0 


0.26 






0 


Example of the ■ 
invention 


All 


31 


0.4 


0.21 






o 


Example of the 
invention 


A12 


<20 


0.0 


0.20 






o 


Exairple of the 
invention 


Ai3 


<20 


0.0 


0.09 






o 


Exeirple of the 

invention 


A14 


21 


0.2 


0.15 






o 


Example Of the 
invention 


A15 


66 


1.1 


0.11 






0 


Ejwutple of the 
invention 


A16 


21 


0.3 


0.12 






0 


Exairple of the 
invention 


Al? 


46 


0.5 


0.16 






Q 


Enable ot the 
invention 


A13 


<20 


0.0 


0.08 






0 


Example of the 
invention 


A19 


<20 


0.0 


0.11 






o 


Example of the 
Invention 


A20 


<20 


0.0 


0.12 






0 

1 


Example of the 
invention 


A21 


24 


0.4 




39.8 




o 


Example of the 
invention 


pat 


<20 


0.0 




40.2 




0 


Exarcple of the 
invention 




<20 


0.0 




36.5 




0 
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Table 6 continued 





Wo. 


Cluster 
Diameter 

*3, PCTL 


tJunber of 
Clusters 

Piece/kg 


Defect 
Incident 


Shock 

Absorption 
Energy 
?5, J 


Reduction in 
Asea across 
Plate ThicJcness 
•6, % 


Ladi.e 

Nozzle 
Clogging 
Condition 
*7 


Example of the 
invention 


A24 


25 


0.3 


4.6(UST) 




_ 


C 


Bsanple of the 
invention 


A25 


49 


0.7 


9.3 (SFfc) 


_ 


_ 


0 


Danple or the 
invention 


A26 


23 


1.8 


_ 


_ 


58.5 


0 


Danple or the 
invention 


A27 


33 


0.5 


0.00 




_ 


0 


Btanple of the 
invention 


*28 


<20 


CO 


0.00 


_ 




0 


Bc-arrple of the 
invention 


.A29 


<20 


0.0 


0.20 






0 


Exanple of the 
invention 


A30 


<20 


0.0 


o.io 




_ 


o ■ 


E^arrple of the 
invention 


k3X 


27 


0.2 


0.20 


_ 


_ 


0 


Ey.swple of the 
invention 


A32 


<20 


0.0 


0.20 


_ 




0 


Exarrple for 
ccnpaxison 


Bl 


152 


5.6 


0.80 


- 




A 


Exanple for 
conparison 


E2 


115 


3.1 


0.60 




_ 


A 


Exairple for 
.comparison 


B3 


127 


2.5 


0.56 


- 


_ 


A 


Exanple for 
ccrtpdrison 


B4 


158 


3.9 


0,60 


_ 




X 


Example for 
ooriparison 


E5 


. 232 


3.3 


0.70 




_ 


X 


Exanple for 
comparison 


E6 


134 


6.8 


_ 


21.6 


_ 


A 


Exanple for 
ccnpaxison 


B7 


193 


2.5 


_ 


26.5 






Exanple ror 
carp* risen 


B8 


1S5 


4.8 


_ 


22.3 | 


_ 


X 


E>canple for 
cenparison 


B9 


122 


2.1 


16.3 (tJST) 




_ 




Ey.anple for 
cenpa risen 


BIO 


201 


3.0 


23.6<SPB) 


- 




X 


EKSitple for 
comparison 


Bll 


172 


4.3 






31.0 




EKarrple for 
oanjparisan 


B12 


166 


5.7 


1.7 






A 


Q02mple for. 
comparison 


B13 


120 


2.9 


1.4 






X 


Ewaiiple for 
conparison 


B14 


152 


3.5 


1.6 






A 


E>canple for 
comparison 


B15 


217 


3.7 


1.1 






X 



[Industrial Applicability] 

The present invention permits obtaining, from Al 
deoxidized steels, final steel products having very few 
surface and internal defects ascribable to coarse alumina 
clusters • 

The present invention also prevents adhesion of 
alumina in liquid steel to immersion nozzles in 
continuous casting . 
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Thus, the present invention constitutes a great 
contribution to the development of industry by providing 
steel products with very few alumina clusters by 
eliminating the conventional problems associated with 
5 steels deoxidized with Al. 
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